. The major MARLI elements are labeled on the left, along with dimensions in inches (dimensions in brackets are in millimeters) and current best estimates of the instrument mass, operating power, and data rate.
Measurement Approach: MARLI will measure the range-resolved backscatter profile of the Mars atmosphere in three channels at 1064 nm. Two of the channels measure parallel-polarized backscatter and their frequency passbands are offset from one another to resolve the aerosol-induced Doppler Shift. The third channel measures cross-polarized laser backscatter.
The MARLI design uses a pulsed frequency-locked Nd:YAG laser and an optical receiver with a frequency discriminator based on the double-edge Fabry-Pérot etalon (DEFP) technique [9] . The double-edge technique involves locking the laser frequency at the crossing point (i.e. the half-widths) of two filter edges of opposite slope and measuring the changes in signal through the two filters simultaneously. MARLI also has a receiver channel to measure the profiles whose backscatter is cross-polarized to that of the laser. Together these channels can be used to determine the microphysical properties and vertical profile of ice crystals that form clouds on Mars [10] .
Lidar Component Description: The laser is a master-oscillator power-amplifier (MOPA) design, using a tunable diode seed laser, a ring oscillator, and a single stage power amplifier. Both the ring oscillator and the power amplifier stages use Nd:YAG as the gain medium. The receiver telescope is a 50-cm diameter, 2-m effective focal length Cassegrain telescope that focuses the received photons to a field stop. From the field stop the received photons are recollimated then pass through the spectral filter assembly, which includes (in series) a bandpass filter, a coarse, gapped etalon, a diffractive optical element, and the fusedsilica etalon that forms the double edge filter. After the fine etalon the three beams (two Doppler and one depolarization channels) are focused onto the focal plane of the HgCdTe APD detector. The detector is a 4x4 pixel, photon-counting HgCdTe APD with gain of 900 and a 0.4 fW/Hz 1/2 noise equivalent power [11] .
Mars Atmospheric Models: In order to estimate MARLI performance we selected several cases that represent the atmosphere under a range of atmospheric aerosol (dust and water ice) loading. We extracted aerosol profiles using extinction profiles (version 5.2.4) from the Mars Climate Sounder (MCS) on the Mars Reconnaissance Orbiter (MRO) [7] . The MCS extinction retrievals were then scaled to the MARLI wavelength of 1064 nm [8]. The first atmospheric case was chosen to represent a relatively dust-free atmosphere, where water ice scattering would make up a significant portion of the backscatter signal. This was drawn from MCS data averaged over Northern Hemisphere spring (Ls = 5° to 30°) of Mars year 34 (MY34) northern latitudes (60° N to 80° N). The second case was an average from Southern Hemisphere spring (Ls = 150° to 230°) of MY33 mid-latitudes (50° S to 25° N), representing an intermediate dust scattering case. Finally, a model was created from MCS data during the MY34 global dust storm (80° S to 80° N) to calculate lidar performance under high dust loading.
Instrument Performance Model:
We have developed a statistical model of the MARLI lidar measurements to guide the instrument design and to predict the lidar performance in orbit. The model uses values for the demonstrated laser pulse energy and pulse width, optical receiver parameters, and the detector response
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and noise characteristics, as well as the height-resolved atmospheric backscatter profiles from the three test cases. Figure 2a shows some results from the instrument model, shown for altitudes from the surface to 75 km and for a horizontal wind speed of 0 m/s. This wind speed error will increase at different wind speeds via the error multiplier shown in Figure 2b . The characteristics of the vertically-resolved backscatter profile measurement was calculated in a similar manner to the Doppler measurement. Figure 3 shows the relative error, defined as the ratio of the standard deviation to the mean for the atmosphere backscatter profile measurement in the parallel and perpendicular polarizations with respect to the laser transmitter. The uncertainty in depolarization ratio can be calculated from the relative errors of the parallel and perpendicular polarization channels.
The performance described here was calculated using a nominal laser pulse repetition frequency of 250 Hz (corresponding to the 81 W peak power draw shown in Figure 1 ). MARLI is also capable of being run at lower laser pulse rates which allows trading increased measurement error for reduced power draw. Summary: We are developing a direct detection wind and aerosol lidar for Mars orbit. The MARLI approach can provide global, height-resolved measurements of LOS winds, aerosol backscatter, and depolarization ratio every 40 seconds (2 degrees in latitude) with a vertical resolution of 2 km. We have developed a lidar measurement model that accounts for atmospheric scattering for a range of conditions. We have developed breadboards and prototypes of the laser, wavelength locking method, the receiver optics, and detector. Ongoing work involves completing the prototypes and demonstrating atmospheric measurements.
